The p53 protein exerts different cellular functions, and recent findings have demonstrated its influence on the cascade of skin pigmentation during UV exposure. Among TP53 gene polymorphisms, the most studied is the G to C transversion in exon 4 at codon 72, which results in three distinct genotypes, Arg/Arg, Pro/Pro and Arg/Pro, each one encoding different p53 isoforms. Therefore, this study aimed to determine the relationship between TP53 codon 72 polymorphism and skin protection against sunburn. Genomic DNA was extracted from peripheral blood samples and genotyping was performed by PCR and confirmed by restriction enzyme digestion. The genotype frequency was 50% for Arg/Arg and 14.6% for Pro/Pro genotype. The frequency of heterozygous subjects was 35.4%. In our population, p53 genotypes were in Hardy-Weinberg (HW) equilibrium (χ 2 HM <3.84), showing a predominance of arginine allele (total Arg allele frequency of 68%). No significant association between p53 genotype and skin colour, hair or eye colour and susceptibility to sun exposure was found. However, further analysis demonstrated a significant association between the genotype Pro/Pro and blue/green eyes among participants who presented redness (P=0.016). Our findings indicate susceptibility to sun exposure when this phenotype (eye colour) occurs simultaneously with Pro/Pro genotype.
Introduction
TP53 is a tumour-suppressor gene (TSG) activated in response to several cellular signals, resulting in the maintenance of genetic stability. Located on chromosome 17, TP53 gene encodes a 53 kDa protein containing 393 amino acids. Mutations and genetic polymorphisms can alter the function of p53, and when this protein presents polymorphic amino acid sequences, it might lose control of cell division, leading to the initiation, promotion and progression of tumours, or changing other important functions (Ørsted et al. 2007; Shu et al. 2007 ). There are 85 validated polymorphisms described for the human TP53 gene that can directly or indirectly influence the metabolic pathways in which it acts (IARC 2011) .
The polymorphism at codon 72 in exon 4 encodes two distinct functional allelic forms, arginine (Arg) and proline (Pro), due to a transversion G to C, resulting in different biochemical and biological protein features. As a consequence, three distinct genotypes were created homozygous for arginine (Arg/Arg), homozygous for proline (Pro/Pro) and heterozygous (Arg/Pro). This substitution is in the putative SH3 binding domain of p53, influencing the protein binding capacity and thereby its functional properties (Thomas et al. 1999) .
A marked difference in biological activity of the two polymorphic forms of p53 was observed. The Pro allele interacts more effectively with elements of the transcriptional machinery then the Arg allele, therefore playing a significant role in inducing G1 cell cycle arrest (Pim and Banks 2004) . On the other hand, the Arg allele is significantly more efficient at inducing apoptosis than the Pro allele, presenting a greater ability to localize to the mitochondria and induce cell death (Dumont et al. 2003) .
More recently, p53 has been shown to influence the tanning response to sunlight by inducing the expression of pro-opiomelanocortin (POMC) gene in human keratinocytes (Cui et al. 2007 ).
The skin sensitivity to the effects of ultraviolet radiation (UVR) is variable within the normal population, and skin exposure to a significant dose of UVR leads to an inflammatory reaction characterized by erythema (redness), oedema and possibly pain and blistering (sunburn). Although associations between TP53 codon 72 polymorphism and various types of cancer, including skin cancer, were registered (Hsieh and Lin 2006 ), a few allelic association studies between candidate genes and experimentally induced UVR erythema have been reported (Rees 2004; Benjamin et al. 2008; Han et al. 2008) . The purpose of this study was to establish a possible association between polymorphism at codon 72 of TP53 gene and pigmentation features such as skin, hair and eye colour as well as skin reactions (redness or tanning) after exposure to sunlight.
Materials and methods

Subjects
We randomly selected 96 individuals among the volunteer blood donors of the Instituto de Hematologia Goiano (INGOH), in the municipality of Goiânia, Goiás, Brazil. After the participants signed the informed consent form, 5 mL of blood was collected using disposable material (vacuum blood tubes with ethylenediamine tetraacetic acid as an anticoagulant). They were interviewed by the INGOH staff and were invited to answer a questionnaire. The questionnaire include questions about pigmentation traits such as eye colour (brown/black or blue/green), hair colour (brown/black or bond), skin colour (white, light brown, dark brown or black) and tanning responses using the Fitzpatrick skin type classification (Fitzpatrick 1988) . During the interview it was noted that there were inconsistencies regarding the self-declared skin colour. Difficulties in understanding the Fitzpatrick scale were also observed. So the inconsistencies were reported in the Notes section of the questionnaire and the four skin colour categories were grouped into two categories by the authors. The Fitzpatrick scale was replaced by questions about the visible skin reactions (redness or tanning) after a 4 h period of sun exposure (a beach visit, for example). This study was approved by Human and Animal Research Ethics Committee of the Federal University of Goiás (protocol number 125/09).
p53 Genotyping
Genomic DNA was extracted from peripheral blood samples using Illustra™ blood genomic kit, according to the manufacturer's specifications (GE, Healthcare, USA). p53 Pro sequences were detected by PCR using primer pair We confirmed the PCR data by performing restriction fragment length polymorphism (RFLP) analysis using the primer pair p53 + /p53 − (Storey et al. 1998) . We amplified the targeted fragment in a 50 μL reaction mixture containing 4.5 mmol L −1 MgCl 2 , 200 μmol L −1 deoxyribonucleoside triphosphates, 200 nmol L −1 primers and 1 U Taq polymerase Brasil (Invitrogen, USA). PCR amplification was performed for 35 cycles consisting of denaturation at 95°C for 30 s, annealing at 58°C for 30 s and extension at 72°C for 45 s. The PCR was preceded by an initiation denaturation step at 94°C for 5 min. The 279 bp fragment was digested by BstU I (New England BioLabs, MA, USA) at 60°C according the manufacturer's instructions. The Arg allele has a BstU I restriction site resulting in two bands (160-119 bp), and the Pro allele lacks the restriction site. Thus, only Arg/Pro or Arg/Arg were cut, leaving two fragments for the Arg/Arg samples and an additional 279 bp fragment from Pro allele for Arg/Pro heterozygous samples (figure 1). Polymorphisms were detected in a 2% agarose gel stained with ethidium bromide.
Statistical analysis
The Chi square (χ 2 ) test was used to compare genotype and allele frequencies and characteristics of pigmentation and to assess whether the p53 genotype was in HardyWeinberg (HW) equilibrium. A P-value of 0.05 was considered significant. The association between TP53 codon 72 polymorphism and pigmentary traits was estimated by calculating the odds ratio (OR) and its 95% confidence interval (CI).
Expected genotype frequencies were calculated from the HW equilibrium:
where p and q were the observed genotype frequencies. Expected and observed genotype were compared as follows:
using a critical value of 3.84 for a degree of freedom (df)=1 (df=number of genotypes minus 1 minus the number of independent values) at the 5% level. All analyses were performed with GraphPad Prism version 4.00 for Windows, GraphPad Software, San Diego California, USA (www.graphpad.com).
Results
This analysis included 96 blood donors aged between 20 and 70 years. The mean age of subjects was found to be 32 years. Table 1 summarizes the selected characteristics of the subjects. Information regarding skin, hair and eye colour and susceptibility to sun exposure was grouped by the authors. The four skin colour categories (white, light brown, dark brown and black) were grouped into White (white, light brown) and Black/dark brown. The genotype distribution of the three p53 codon types and frequency of arginine allele are summarized in table 2. In total 48 (50%) had Arg/Arg genotype, while 14 (14.6%) had Pro/Pro genotype. The frequency of heterozygous subjects was 34 (35.4%). In our population, p53 genotypes were in HW equilibrium (χ 2 HM <3.84), showing a predominance of arginine allele (total Arg allele frequency of 68%).
We first evaluated the association between the p53 Arg72Pro polymorphism and skin colour. Genotype proportions of different p53 codon 72 gene polymorphisms in both white and black/groups were non-significantly different (P=0.97, χ 2 =0.07; table 3.). The distributions of Arg/Pro alleles in both groups were 69/31% and 67/33%, respectively, and were also non-significantly different (P=0.78, χ 2 =0.08; table 3). Therefore, we found no association between TP53 codon 72 polymorphisms and skin colour.
In our sample, 89 (93%) individuals had brown/black hair and 7 (7 %) had blond hair (table 1). The genotypes Arg/Arg, Arg/Pro and Pro/Pro were found in 43 (48.3%), 35 (39.3%) and 11 (12.4%) brown/black-haired individuals, respectively, and in 4 (55.1%), 1 (14.3%) and 2 (28.6%) blond-haired participants, respectively (table 3) . Statistical analysis revealed a non-significant difference in the genotype distributions (P=0.29).
The genotype and allele frequencies were also compared between 85 individuals with brown/black eyes and those with blue/green eyes. There was also no significant difference in the studied frequencies (P=0.89; table 3).
Regarding the frequency of genotypes Arg/Arg, Arg/Pro and Pro/Pro, among the participants who have experienced redness or tanning after exposure to sunlight, the results were 18 (50%), 12 (33.3%) and 6 (16.7%), respectively, for those who had redness, and 30 (51%), 21 (35.6%) and 8 (13.5%), respectively, for those who were tanned (table 3) . There was no significant differences in genotype (P=0.91) or allele distribution (P=0.78) between participants who reported have experienced redness or tanning after sunlight exposure (table 3) .
Among people with brown/black hair who reported as having experienced redness after sun exposure, the frequencies of genotypes Arg/Arg, Arg/Pro, and Pro/Pro were 14 (43.8%), 13 (40.6%) and 5 (15.6%), respectively; for those who responded that they tanned easily when exposed to sunlight, these frequencies were 29 (51.8%), 20 (35.7%) and 7 (12.5%), respectively (table 4). Analysing the same variables for the individuals presenting blond hair, we observed that the frequencies of genotypes Arg/Arg, Arg/Pro, and Pro/Pro were 3 (75%), 0 (0%) and 1 (25%), whereas for the ones who experienced redness after exposure to sunlight, we registered 1 (33.33%) for each of these genotypes (table 4). So we did not detect association between genotype and redness after sun exposure in participants with brown/black hair, and the same remained true for individuals with blond hair, despite the high odds ratio (OR=6.0, 95% CI=0.22-162.7) for genotype Arg/Arg.
Moreover, 85 participants (88%) had brown/black eyes and 11 (12%) had blue/green eyes (table 1). The frequencies of genotypes Arg/Arg, Arg/Pro and Pro/Pro in individuals with brown/black eyes who reported redness after sun exposure were 15 (50%), 12 (40%) and 3 (10%), respectively, whereas in those who affirmed that they tanned easily when exposed to sunlight, the frequencies were 28 (50.5%), 19 (34.5%) and 8 (14.5%). The same variables were analysed for individuals with blue/green eyes who reported redness after sun exposure and the frequencies of genotypes Arg/Arg, Arg/Pro and Pro/Pro were 2 (33.3%), 1 (16.7%) and 3 (50%), while for those who tanned easily, the frequencies were 2 (50.00%), 2 (50.00%) and 0, respectively (table 4) .
We did not detect any association between genotype and redness after sun exposure in participants with brown/ black eyes, and the same remained true for individuals with blue/green eyes despite the high odds ratio (OR=9.0, 95% CI=0.34-238.4) for genotype Pro/Pro. (69) 37 (31) a The number of participants in this category is not equal to the total number because of missing genotypes. b Three cases had blond hair colour and blue/green eyes. Next, we evaluated the association of the TP53 codon 72 polymorphism and eye colour among participants who experienced redness after sun exposure (table 5) . We found a difference in the frequency of Pro/Pro genotype between participants with blue/green and brown/black eyes (P=0.016).
Discussion
In this study, we aimed to understand human TP53 codon 72 polymorphism associated with pigmentation characteristics, since this common substitution of one base pair at codon 72 of the gene changes the biochemical and functional properties of the protein. It is now known that these changes alter its role in triggering the cascade of pigmentation by acting as a transcription factor for other genes that are critical in the production of melanin (Pezeshki et al. 2006; Cui et al. 2007; Nan et al. 2008) .
Our results showed a predominance of the arginine allele (68%) and the homozygous genotype Arg/Arg represents the most common genotype (50%) among participants. These results are in accordance with a recent study of TP53 polymorphisms among 3794 individuals from a Brazilian population (Thurow et al. 2011 ).
We did not find an association between p53 genotype and skin colour, hair or eye colour and susceptibility to sun exposure. Regarding skin colour, other studies demonstrated that Pro allele occurs at a high frequency in black (>60%) and the Arg allele in white-coloured (>70%) individuals (Själander et al. 1996; Sucheston et al. 2011) . Our results could then be related to the ethnic admixture described in Brazilian population (Ferreira et al. 2006 ). Although we have observed no association between TP53 codon 72 polymorfism and hair or eye colour, to the best our knowledge this is the first time reported for a Brazilian population sample.
Previous studies have demonstrated a borderline association of the Pro/Pro genotype with childhood tanning tendency among black/dark-brown-haired healthy women . We have demonstrated a significant association between the genotype Pro/Pro and blue/green eyes among participants who presented redness. This is an interesting result since redness is related to a high sensitivity to sunlight, although confirmation of these finding would require further studies with a larger number of samples.
Molecular epidemiological studies have explored the association between TP53 codon 72 polymorphism and et al. 2002; Shen et al. 2003; Franchi et al. 2006) . Also, an association between genotype Arg/Arg in people over 50 years and the risk for cutaneous melanoma was also demonstrated (Stefanaki et al. 2007) , although an association between allele Pro and the risk for cutaneous melanoma was reported by others (Cui et al. 2007; Nan et al. 2008) . Additionally, variants of the TP53 gene seem to confer differential responses to chemotherapy (Sullivan et al. 2004) . The Arg/Arg phenotype was reported to be associated to a higher response rates and survival in patients with breast (Tommiska et al. 2005; Zhuo et al. 2009 ), lung (Nelson et al. 2005) or head and neck cancer (Shen et al. 2003) . However, although a large number of studies evaluating the effect of the p53 codon 72 polymorphism on susceptibility to various cancers have been reported, results are still conflicting, as pointed by Whibley et al. (2009) .
Usually, when trying to establish some association with genotypic or allelic polymorphism, the disease is already installed and, in most cases, presents an unfavourable prognosis for the patient. However, there is a need to establish the genotypic and allelic frequencies before the development of diseases such as skin cancer, since environmental UV exposure is an early event in skin carcinogenesis, and induces harmful mutations in TP53 gene. Based on these findings, in the near future we may be able to promote prevention campaigns directed to the people's genotypes, since the production of melanin and hence a darker skin, supposedly better protected from sun damage, may camouflage the need for a better protection against exposure to UVR.
Conclusions
In this study, no significant association between the TP53 codon 72 polymorphism and skin colour, hair or eye colour and susceptibility to sun exposure was detected at significant levels. The significant association between blue/green eyes and Pro/Pro genotype among the participants presenting redness after sun exposure might raise the risk of developing pigmentation-related diseases.
